The reaction of [Mo(≡CBr)(CO) 2 (Tp*)] (Tp* = hydrotris(3,5-dimethylpyrazol-1-yl)borate) with [Fe 2 (µ-SLi) 2 (CO) 6 ] affords, inter alia, the unsymmetrical binuclear thioxoethenylidene complex [Mo 2 (µ:σ-C;η 2 -C'S-CCS)(CO) 4 (Tp*) 2 ] which may be more directly obtained from [Mo(≡CBr)(CO) 2 (Tp*)] and Li 2 S. The reaction presumably proceeds via the intermediacy of the bis(alkylidynyl)thioether complex S{C≡Mo(CO) 2 (Tp*)} 2 which was, however, not directly observed but explored computationally and found to lie 78.6 kJ mol -1 higher in energy than the final thioxoethenylidene product. Computational interrogation of the molecules [M 2 (µ-C 2 S)(CO) 2 (Tp*) 2 ] (M = Mo, W, Re, Os) reveals three plausible coordination modes for a thioxoethenylidene bridge which involve a progressive strengthening of the C-C bond and weakening of the M-C and M-S bonds, as might be expected from simple effective atomic number considerations.
n INTRODUCTION
Wilkinson's discovery of the first coordination complex of carbon monosulfide, [RhCl(CS)(PPh 3 ) 2 ], 1, 2 pre-dated the observation of this diatomic in inter-stellar space, 3 where high dilution ensures it longevity. Back on earth, carbon disulfide exposed to electric discharge allows the generation and matrix entrapment of CS at -190 °C. 4 Its tendency to polymerise explosively above such temperatures, however, somewhat curtails its synthetic utility, a feature that has inspired the study of its more easily tamed coordination complexes. 2 Somewhat later, Saito also observed thioxoethenylidene, CCS, in inter-stellar clouds 5 and similarly, irradiation (248 nm) of propadienedithione (SC 3 S) entrapped in an argon matrix (10 K) has allowed the terrestrial observation of transient, triplet CCS (ν 1 = 1666.6 cm -1 ). 6 In contrast to the rich organometallic chemistry of carbon monosulfide, no complex of coordinated C 2 S has been reported, though the ketenylidene ligand (CCO) has often been observed in cluster chemistry 7 and a terminal mononuclear ketenylidene ligand has been implicated in the cleavage of carbon suboxide by [WCl 2 (PMePh 2 ) 4 ]. 8 Thioketenyl and selenoketenyl complexes L n M(η 2 -C,C'-ACCR) (M = Mo, W; A = S, Se) have, however, been reported to arise from the reactions of ketenyl complexes with Lawesson's and Woollins' reagents, respectively.
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Herein we report both serendipitous and strategic syntheses of the first example of a complex of thioxoethenylidene, viz.
[Mo 2 (µ:σ-C;η 2 -C'S-CCS)(CO) 4 (Tp*)] (Tp* = hydrotris(3,5-dimethylpyrazol-1-yl)borate) and an exploration of its bonding as a function of the number of available metal valence electrons.
n RESULTS AND DISCUSSION
We have previously reported the synthesis of polymetallic assemblies bridged by isoselenocarbonyl ligands. 10 These arise from either the insertion of zerovalent platinum into the C-Se bond of alkynylselenolatocarbynes 10a The spectroscopic data for 3, whilst indicating a binuclear complex of low symetry, did not allow for unequivocal identification, not least because the small range of 13 C NMR data reported for thioacyl groups 18 overlaps somewhat with the wide range observed for alkyidyne ligands (vide infra, Table 1 18,19, [22] [23] [24] [25] [26] [27] [28] ). 17 The formulation was however confirmed by a crystallographic analysis, the results of which are summarised in Figure 1 . Although, as noted, group 6 thioacyl complexes have been reported previously, 18 this was without recourse to structural characterisation. Accordingly, the previously described complex [Mo(η 2 -SCC 4 H 3 S-2)(CO) 2 (Tp)] (5) 18a was characterised crystallographically to provide a benchmark for more conventional thioacyl metrics ( Figure 2 ). Metrical parameters resulting from geometrical optimisation at the BP/TZP level of theory (vide infra) are collected with those derived experimentally for 3 and 5 in Table 2 , from which it is clear that the coordination of the CCS bridge to Mo1 is indeed best described as a thioacyl/molybdathiirene composite. Thus the Mo1-C1 bond length of 2.018(3)Å, points towards the retention of considerable multiple bond (metallathiirene) character, being shorter than typically observed for molybdenum bound to monohapto sp 2 -C vinyl, acyl or N-heterocyclic carbene ligands (2.15 -2.30 Å) and falling between the ranges typical of Fischer-type (> 2.0 Å) and Schrock-type carbene (< 2.0 Å) ligands. 29 The coordination to Mo2 in contrast is entirely consistent with the presence of an essentially linear 30 . These reference compounds also provide benchmarks that suggest the operation of a degree of conjugation between the carbyne (Mo2) and thioacyl (Mo1) components of 3 across the C1-C2 bond (1.383(4)Å) which is found to be comparable to the C-C bonds of 6 (1.370(7)Å) and 7 (1.444(6)Å). This question was also considered in a computational study (Supporting Information) from which the resulting HOMO-6 demonstrates a delocalised orbital with contributions from the atoms Mo1-S1-C1-C2-Mo2. The HOMO itself ( Figure 3 ) comprises an antibonding interaction of π-symmetry with respect to the Mo-S vector, suggesting that the sulfur will be prone to electrophilic attack, as demonstrated previously for more conventional thioacyl complexes. 18 Given that geometry optimisation at the BP/TZP level of theory effectively reproduced the experimentally determined geometry fo 3, it seemd appropriate to consider situations where one might encounter a thioxoethenylidene bridge displaying different bonding character. The free molecule has triplet diradical character 5 and so the thioacyl-carbyne bridging mode is perhaps not surprsing when the terminal metal fragments each carry 15 valence electrons (neutral formalism). The question therefore arises as to what effects upon the bridge might attend increasing the number of available valence electrons provided by the metal centres. Notably, the LUMO and LUMO+1 for 3 comprise considerable C-C π-bonding character and Mo-C antibonding character such that successive reduction might be expected to strengthen the C-C bond at the expense of M-C multiple bonding. This is conceptually achieved by replacing molybdenum first with tungsten (8), then rhenium (9) and finally osmium (10). Tungsten was included so as to afford a series of directly comparable metals with the same principle quantum number. Simple electron counting arguments suggest a single valence bond description for the diosmium complex 10 involving a conventional alkynyl connection to one osmium and a thiolate coordination to the other (Chart 3). Alkynylthiolato and alkynylselenolato complexes have been previously described, 31 though not for osmium. For the dirhenium complex 9, the situation is not as clear-cut in that two possible connectivities are conceivable. In 9a, whilst one rhenium teminus can be considered as a conventional vinylidene linkage, 32 the other terminus might involve either side-on coordination to the C=S double bond (9a), 32 or alternatively simple σ-coordination by a sulfur lone pair (9b). 33 It is not clear a priori which would be favoured, given that precedent exists for both types of interaction, η 2 -C,S and σ-S, with rhenium.
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Geometry optimisation for 8 returns, as expected, a structure that is essentially identical to that for 3 (Table 3, Figure 4a ). For the diosmium example 10, the optimisation began with the same geometry as 8 and converged on one in which the metal-carbon bond of the metallathiirene cleaved, the OsCCS spine approached linearity (Os-C-C = 176.2, C-C-S = 171.9°), the CC bond contracted (1.236 Å) and the remaining Os-C bond elongated to a value (2.037 Å) within the range typical of octahedral osmiumalkynyls (1.977 -2.108 Å; average = 2.03 Å). These are all consistent with the alkynylthiolate depiction in Chart 4. By commencing with the geometry for 7 but replacing tungsten with rhenium, optimisation results in a geometry consistent with the valence bond description 9a, i.e., a vinylidene linkage to one rhenium and a η 2 -C,S-thioketene coordination to the other. thiocarbamoyl ligand (C-S = 1.606 Å) with associated Re-C multiple bond 'metallathiirene' character (Re-C = 2.099 Å). Nevertheless, it is clear that a degree of C-S multiple bond character remains in 9a consistent with a Dewar-Chatt-Duncanson description of thioketene coordination. Whilst frequency calculations were routinely performed to confirm that optimized structures for 3, 8, 9a and 10 were minima or saddle points, closer inspection of the infrared data allowed the identification of a mode in each case that could be assigned primarily to the stretching of the C-C bond of the CCS bridge. Consistent with the the valence bond descriptions in Figure 4 , the (unscaled) frequency of this absorption increased from those of 8 (1326, 1345 cm -1 ) to 1682 cm -1 for 9a and finally to 2038 cm -1 for 10, a progression that reflects a sequential increase in CC bond order, with those for 9a and 10 appearing regions typical of vinylidene and alkynyl IR chromophores. Finally, given the presumption that 3 forms via the intermediacy of a bis(alkylidynyl) thioether S{C≡Mo(CO)2(Tp*)}2 (11), the question of the viability of such a species arises. Geometry optimisation for this proposed intermediate ( Figure 5 ) followed by thermdynamic evaluation suggests that in the gas phase 11 lies some 78.6 kJ mol -1 higher in energy than 3. Although a frequency calculation indicates that the geometry is a true local minima with no imaginary frequencies (i.e., the C-S-C bending mode is real), it is of interest to note the unusual deformation from linearity of the Mo≡C-S angles (163.8, 165.8°) that brings the two carbyne carbons closer than expected, perhaps pointing towards incipient C … C bond formation en route to 3. A concerted process with minimal reorganisatuion would thus seem entirely plausible. Notably, the HOMO for complex 11 corresponds to a delocalised π-system that is MC bonding and C-S antibonding in character (Figure 5b ).
n EXPERIMENTAL
General Considerations. All manipulations of air-sensitive compounds were carried out under a dry and oxygen-free nitrogen atmosphere using standard Schlenk, vacuum line and inert atmosphere (argon) drybox techniques with dried and degassed solvents. NMR spectra were recorded at 25°C on a Varian Mercury Cryostatic chromatography was performed under nitrogen using jacketed columns loaded with degassed silica gel, which were cooled by an alcohol recirculating cryostat (-20°C). Pet. spirit refers to that fraction with bp 60-80°C. Reaction progress was typically monitored by in situ solution IR spectroscopy and thin layer chromatography (silica gel). Computational details. Unless otherwise indicated, the DFT calculations reported here were performed using the ADF2009.01 and ADF2010.01 versions of the Amsterdam Density Functional (ADF) program. 35, 36 The calculations employed all-electron valence triple-ζ plus polarization (TZP) Slater orbital basis sets for all atoms and included a correction for scalar relativistic effects through the zeroth-order regular approximation (ZORA) treatment. 
n CONCLUSIONS
In summary, we have with the isolation of 3 shown that thioxoethenylidene is a viable bridging ligand in a mode in which it provides 6 valence electrons to the two metal centres. Though yet to be established, we have also suggested that alternative binding modes might be available in which the CCS ligand provides in total 4 or 2 valence electrons, depending on the effective atomic number requirements of the metal termini. It remains to be seen whether such complexes can be synthesised or indeed whether a mononuclear terminal coordination mode, L n M=C=C=S, is attainable, by analogy with Hillhouse's putative complex [WCl 2 (=C=C=O)(CO)(PMePh 2 ) 2 ]. 
